A 35-year-old male patient who showed sustained virological response (SVR) following treatment for hepatitis C virus infection developed liver cancer. The lesion was identified by imaging studies, with atypical findings suggestive of hepatocellular carcinoma. Partial hepatectomy was performed and the histopathological diagnosis was cholangiolocellular carcinoma (CLC). Only a few cases of CLC have been described in young patients who achieved SVR. Hepatologists should recognize the potential development of CLC even in young patients who achieve SVR, and the need for a close follow-up by imaging studies. In addition, true characteristics and cell origin of CLC were discussed in this report.
Introduction
Sustained virological response (SVR) reduces the chance of liver cancer in patients with hepatitis C virus (HCV) infection. However, a proportion of patients who achieve SVR still develop hepatocellular carcinoma (HCC), including young patients. On the other hand, cholangiolocellular carcinoma (CLC) is comparatively uncommon liver malignancy. We report a rare case of a young patient who had previously achieved SVR but was later diagnosed with CLC.
Case Report
The male patient developed acute lymphocytic leukemia (ALL) in 1986, and was found to have HCV infection at the time of autologous bone marrow transplantation at another hospital in 1994. He had been followed-up for chronic hepatitis C (genotype 1b, IL28B polymorphisms TG) at our hospital since February 2002. Previous interferon monotherapy, followed by interferon and ribavirin combination therapy, failed to eradicate HCV. On October 2014, he underwent 24 weeks of daclatasvir plus asunaprevir combination therapy after being confirmed to harbor the NS5A-Y93 wild type virus, and achieved SVR. He was followed up regularly at the outpatient clinic and underwent imaging study regularly.
He was admitted to our hospital in June 2016, aged 35, for management of a liver tumor that had been found on a follow-up magnetic resonance imaging (MRI). Physical examination on admission showed no specific findings. The medical history was negative for alcohol abuse and smoking. He received blood transfusion at the age of five. The family history was negative apart from a paternal grandfather with hepatoma. Hepatitis B virus surface antigen (HBsAg) and HCV-RNA were negative, and other laboratory test including tumor marker were almost normal (Table) . B-mode ultrasonography (US) showed hepato-renal echo contrast and an 8-mm hypoechoic space-occupying lesion (SOL) in segment 4 (S4). Contrast-enhanced US with Sonazoid also showed hypervascular enhancement in the vascular phase and defect in the post vascular phase (Fig. 1) . Plain computerized tomography (CT) showed ill-defined low density area in S4, and dynamic CT showed hyper-enhancement in the early phase and hyper-iso-enhancement in the late phase (Fig. 2) . On MRI, the nodule in S4 showed low intensity on T1-weighted images, high intensity on T2-weighted images, and high intensity in diffusion-weighted images. Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI showed hyperenhancement in the early phase, hypo-enhancement in the late phase, and defect in the hepatobiliary phase (Fig. 3) . Based on these clinical and imaging findings, the tumor was diagnosed as atypical HCC. Laparoscopic partial hepatectomy was performed at our hospital.
Macroscopically, the tumor was a single whitish nodular lesion, measuring 6×6 mm, with regular margin and capsule (Fig. 4i) . Microscopic examination showed tumor cells, with the formation of small and irregularly tortuous glands in the tumor tissues (Fig. 4ii) . A small area of this tumor showed large cancer duct (Fig. 4iii) . However, this large cancer ducts were less than 10% of the whole tumor. Background liver showed mild chronic hepatitis (F1/A1, by the New Inuyama Classification). In addition, approximately 50% fatty change, mild lobular inflammation, and histological findings resembling hepatocellular ballooning were observed (corresponding to Steatosis 2, Hepatocyte ballooning 0, lobular inflammation 1, fibrosis stage 2, in Brunt's classification of steatohepatitis) (Fig. 4iv) .
Immunohistochemically, all of the tumor cells were positive for cytokeratin (CK) 7, CK19, and epithelial membrane antigens (EMA) with an intraluminal staining pattern in the gland, and negative for HepPar1, alpha-fetoprotein (AFP) and Arginase1 (Fig. 5) . Based on these histopathological and immunohistochemical findings, this tumor was diagnosed as CLC.
Because CLC has been speculated to be originated from cholangiolocells which have characteristics of hepatic stem/ progenitor cells, additional morphometric and immunohistochemical studies were performed. Cancer ducts were classified into 3 patterns (i) very small ducts, (ii) small ducts and (iii) large ducts. Non-neoplastic biliary ducts were classified as (iv) cholangioles, (v) interlobular ducts of small size (ILD-S) and (vi) interlobular ducts of medium size (ILD-M) (Fig. 6) (1) . Morphometrically, even a small cancer duct was apparently larger than a non-neoplastic very small cholangiole (21 μm vs. 11.8 μm, Fig. 6i and iv) . Many of the very small and small cancer ducts ( Fig. 6i and ii) showed the similar sizes to those of ILD-S and ILD-M (Fig. 6i , ii, v and vi). These duct sizes were within the range of ILD-S (15-40 μm) and ILD-M (40-100 μm) (1) (2) (3) . A large cancer duct showed diameters almost 20 times of a cholangiole (228 μm vs. 11.8 μm, Fig. 6iii and iv) .
Following the description of WHO Classification (4), immunohistochemical markers i.e. c-Kit, CD56 and EpCAM were used to examine the stem cell characteristics of this tumor (Fig. 7) . The cancer ducts showed positivity of these markers. However, non-neoplastic ILD-S and ILD-M also showed positivity of these markers.
Discussion
Previous studies indicated that HCC after SVR among HCV patients aged 40 or younger is extremely rare and few reports of such cases have been published previously (5, 6) . Furthermore, CLC is also an uncommon form of liver cancer with a reported incidence among resected primary liver cancer of 0.56% (7) . The clinical and histogenetic features of CLC had not been fully characterized, probably due to the low prevalence, although they have been recently clarified following advancements in imaging technology.
CLC was first described by Steiner and Higginson in 1959. It was thought to originate from canals of Hering, which locate between interlobular duct and bile canaliculus (8) . Interlobular duct was also speculated to be a cell origin of CLC in this paper. However, only cholangiole origin theory has been emphasized due to several studies of stem cell features of cholangiole and CLC (7, 9, 10) . Finally, CLC was categorized as one of the subtypes with (4) . However, CLC is classified as a cancer of non-combined type primary liver cancer (pure biliary tumor) in the General Rules for the Clinical and Pathological Study of Primary Liver Cancer, 6th edition (11) . The WHO classification and the Japanese general rule show serious difference in the interpretation of CLC, namely hepato-biliary tumor or pure biliary tumor. In addition, Maeno and Kondo recently described the papers which suggest interlobular duct origin theory (non-stem cell origin theory) (2, 3).
As can be seen from the above, the exact definition of CLC has not been established yet. To avoid confusion in clinical practice, there is no doubt a need for a broadly acceptable classification of liver malignancy.
Histopathological examination of the present case, which consisted mostly of thin cancer ducts, showed various findings of CLC, i.e. so called antler-like anastomozing patterns, and replacement growth pattern at the boundary division between the cancerous and non-cancerous tissues. Immunohistochemistry also showed that the cancer cells were positive for markers of cholangiocytes (CK7 and CK19), negative for markers of hepatocytes (Hep-Parl and Arginase1), and positive for membranous pattern of EMA, which has been considered a specific feature of CLC (2, 12) . These findings are well compatible with the diagnosis of CLC in the Japanese general rule. However, they were not necessarily applicable for the diagnosis of "combined hepatocellular cholangiocarcinoma", with stem-cell features, cholangiolocellular type of the 2010 WHO classification of tumors. This case was classified as a pure biliary tumor and was not classified as "combined hepatocellular cholangiocarcinoma", because no hepatocellular components were found. Recently, Kondo et al. classified CLC into two subtypes, i.e. (i) pure biliary type and (ii) hepato-biliary type (combined carcinoma type) (13) . The present case is classified into pure biliary type.
Furthermore, stem cell features were not sufficiently proved in this case. The cancer ducts were apparently larger than non-neoplastic cholangioles. Their sizes corresponded to those of interlobular ducts (non-stem cell ducts). Immunohistochemical studies using stem cell markers also failed to prove the stem cell features of this tumor. Although c-Kit, CD56 and EpCAM were positively stained in this tumor to some degree, they were also positive in the non-neoplastic and non-stem cell bile ducts (interlobular ducts). These markers may not be sufficiently specific markers for the proof of stem cell features (3).
According to Kondo et al., many of CLC cases may not be true CLC (cholangiole origin) and are pseudo-CLC (interlobular duct origin). Assessing the size of the cancer duct, positivity for c-Kit and coexistence of an ordinary intrahepatic cholangiocarcinoma (ICC) component is useful for the differentiation between true and pseudo-CLC (3). More than 90 % of cancer ducts of the present case showed the diameter between 15 μm and 100 μm (the size of interlobular duct). The rest of the cancer ducts were thicker than 100 μm (the duct size of ordinary ICC). Almost all the tumor cells were negative for c-Kit. Only a few tumor cells were positive. It may be very reasonable to speculate that this tumor originated from interlobular duct.
The unique clinical features of CLC can be explained by the interlobular duct origin theory (3) . Because interlobular duct is the smallest bile duct, except for the cholangiole and bile canaliculus, carcinoma of interlobular duct origin will not cause dilatation of the peripheral bile duct. For the same reason, the carcinoma may present as the mass forming type. If chronic inflammation of the peripheral portal tracts accelerates the carcinogenesis of cholangiocytes of interlobular ducts, the coexistence of CLC and chronic liver disease is reasonable. The present case was infected with HCV and showed steatohepatitis in the major part of noncancerous tissues.
Accumulation of new case reports of CLC in recent years has allowed the characterization of imaging findings and enhanced the diagnosis. On B-mode US, CLC generally appears as a heterogeneous hypoechoic lesion with unclear border and without dilatation of bile ducts. The spaceoccupying lesion often show hypervascular enhancement from interior or periphery to the entire tumor with portal venules penetrating the lesion and without fast wash-out in the arterial-portal predominant phase, and a distinct defect in the post-vascular phase on contrast-enhanced US with sonazoid. On MRI, CLC mainly shows low intensity on T1-weighted images, high intensity on T2-weighted images, and high intensity on diffusion-weighted images. In many cases, the tumor shows hyper-enhancement of the periphery or the entire lesion in the early phase, hyper-iso-enhancement in the delayed phase on dynamic CT or MRI. In addition, CLC is mostly described as a clear defect in the hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI (14-16). In our case, al- Fortunately, CLC is largely associated with relatively favorable prognosis (17) . A few case reports have also described slowly growing (over several years) CLC (18) . In our case, we cannot exclude the possibility that the CLC had already existed at the time of achievement of SVR in August 2015. However, US did not identify any neoplastic lesion at least 3 months before the tumor was identified for the first time on MRI. The present case highlights the fact that liver cancer should be ruled out through regular clinical examinations and imaging studies, even in young patients who achieve SVR.
